Objective: The extent of the digestive/absorptive involvement in atypical presentation of celiac disease (CD) is not always clear. The aim of the study was to assess nutritional status of iron (Fe), copper (Cu), and zinc (Zn) in patients with typical CD (TCD) and atypical CD (ACD). Patients and Methods: A cross-sectional study was done in patients with TCD, ACD, and healthy controls (HC). Hemoglobin, serum ferritin, free erythrocyte protoporphyrin, Fe, Cu, ceruloplasmin, Zn, anti-endomysial antibodies, and anti-tissue transglutaminase antibodies were measured. Data were analyzed by Kruskal-Wallis, principal component analysis, and linear discriminant analysis. Results: One hundred nine individuals were studied (54 TCD, 19 ACD, 36 HC); mean age AE standard deviation was 23 AE 15.8 (range 1.6-75.4) years. Median and range of hemoglobin were 12.8 g/dL (8.1-17.6) in TCD, 12.4 g/ dL (10.5-14.5) in ACD, and 13.6 g/dL (11.1-16.7) in HC (P < 0.0001); serum ferritin was 17.7 mg/L (2.9-157), 10.8 mg/L (2.7-39.8), and 28.7 mg/L (4.5-127.2), respectively (P < 0.01). Cu was 105 mg/dL (60-185), 97.5 mg/dL (40-130), and 125 mg/dL (80-205), respectively (P < 0.05). Ceruloplasmin was 21.6 mg/dL (14.2-73.2), 22.6 mg/dL (0.9-34.3), and 32.1 mg/dL (5.8-72.6), respectively (P < 0.01). There were no differences in Fe, free erythrocyte protoporphyrin, and Zn. Principal component analysis showed that 58% of observed variability was explained by Fe and Cu indicators. Linear discriminant analysis revealed differences between CD and HC (P < 0.0001), with high values of correct classification for TCD (73%) and HC (72%), but not ACD (16%), which were mostly classified as TCD (79%). Conclusions: Deficiency of micronutrients was found both in typical as well as in atypical cases.
C eliac disease (CD) is an autoimmune condition induced by gluten in susceptible individuals, characterized by enteropathy that manifests different degrees of intestinal malabsorption (1) (2) (3) (4) . Known prevalence of the disease has increased greatly in recent years as a consequence of the massive use of anti-endomysial and anti-transglutaminase antibodies, which led to the recognition of atypical forms of the condition (5-7). Typical presentations consist mainly of apparent and often intense digestive symptoms (1, 8, 9) ; instead, digestive clinical manifestations in atypical presentations may be minimal or not apparent (1, 3, 8) . In some cases, the presence of anemia or short stature suggests long-lasting nonapparent malabsorption syndrome, but this is not clear, especially when referred to subclinical malabsorption of nutrients other than proteins, lipids, and carbohydrates (10, 11) . Few reports refer to minerals; it has been reported that copper (Cu) deficiency may cause clinical neurological manifestations in chronic, poorly treated patients with CD (12, 13) ; this situation was also reported in patients after many years of bariatric surgery, a condition in which nonapparent malabsorption of macro-and micronutrients is also possible (14) .
In the present study, we aimed at assessing mineral status in patients with different forms of CD, setting 2 objectives: to measure the frequency of iron-(Fe), Cu-, and zinc-(Zn) deficient status and to assess to what extent the status of these minerals may be useful to differentiate typical from atypical forms of CD.
PATIENTS AND METHODS

Subjects and Design
The 200 patients diagnosed as having CD by the gastroenterology services of hospitals San Juan de Dios, Exequiel González Cortés, Pontificia Universidad Católica, and Militar of Santiago, Chile, between 1990 and 2008, formed the universe from which cases were obtained. Our present study was conducted between July 2008 and February 2009; 156 of 200 clinical charts were recovered; 55 did not answer the contact telephone number and 28 patients did not complete the study (did not return to consultation, received micronutrients supplement before or at the time of the study, other gastrointestinal pathologies with malabsortion or acute infectious illnesses were diagnosed). Thus, 73 patients were analyzed; they had positive immunoglobulin A (IgA) anti-endomysial antibodies (EMA) and/or anti-tissue transglutaminase (anti-tTG) antibodies, serum IgA concentration as expected for age, and duodenal biopsy exhibiting histological alterations compatible with CD at the time of diagnosis.
Data were obtained from clinical charts and a semistructured interview, during which we collected information about clinical and laboratory characteristics at the time of diagnosis, follow-up, and the present study. This included age at the beginning of symptoms, clinical symptoms and signs, age at diagnosis, current weight and height, results of EMA/tTG antibodies, intestinal histology at the time of diagnosis, and adherence to a gluten-free diet (GFD).
Ethical Aspects
The protocol was approved by the Committee on Ethics for Human Research of the Institute of Nutrition and Food Technology, University of Chile, and the institutional review board 1 only of the participating hospitals. Informed consent of patients and of parents or guardians in children younger than 12 years old was obtained before enrollment in the protocol.
Anthropometric Indicators
The z score of weight for height was calculated in children younger than 6 years old and percentile of body mass index for age in participants 6 to 18 years old; nutritional status was classified according to the National Center for Health Statistics/World Health Organization reference values (15). Nutritional status in individuals older than 18 years was defined by body mass index (16) . Short stature in those younger than 18 years was defined by height for age <À2 standard deviations (SD), after correcting for sex (17 
Operational Definitions
Forms of CD were defined by the symptoms present at diagnosis; typical CD (TCD) by the presence of diarrhea, abdominal distension, and weight loss and/or poor growth as symptoms leading to diagnosis; and atypical celiac disease (ACD) by anemia and/or short stature (<À2 SD height for age) of unknown cause, in the absence of the symptoms defined in the first group. Controls were apparently healthy individuals with no history suggestive of CD (including constipation, abdominal pain, and anemia); negative EMA and anti-tTG tests; and normal total serum IgA, matched by sex. Present status of the disease was defined by negative (in remission) and positive (active) serological studies.
Deficient Cu nutritional status was defined operationally by serum Cu concentration <70 mg/dL in men, <70 mg/dL in girls younger than 12 years of age, and <80 mg/dL in women older than 12 years and/or Cp <17 mg/dL (19) . Deficient Fe nutritional status was defined by Hb concentration below cutoff (<11 g/dL in children younger than 5 years, <11.5 g/dL in children 5 to 12 years, <13 g/dL in men, and <12 g/dL in women older than 12 years) (20) ; FEP cutoff was >70 mg/dL red blood cells (21) ; for serum Fe this was <70 mg/dL in children younger than 12 years, <70 mg/dL in men, and <60 mg/ dL in women older than 12 years; and/or SF <12 mg/L (18). Deficiency of Zn was defined by serum Zn concentration <74 mg/L in men and <70 mg/L in women (22) . CRP cutoff was defined following the manufacturer's instructions (>10 mg/L).
Sample Size and Statistical Analysis
Sample size to detect 1 SD difference between 2 celiac and 1 control groups (23) , with an alpha value of 0.05 and power of 0.8, was 15 subjects per group. A total of 73 patients with CD participated in the study, divided into group TCD (n ¼ 54), group ACD (n ¼ 19), and healthy control (HC) group (n ¼ 36).
First data analysis was carried out by Shapiro-Wilk test, which showed asymmetric distribution of most variables assessed. Groups were compared for clinical presentation (TCD, ACD, and HC) and serological status (positive and negative) using x 2 test for categorical variables and Kruskal-Wallis test for continuous variables. Principal component analysis (PCA) was chosen for multivariate analysis because Fe, Cu, and Zn have several interactions in their metabolism, and this analysis allows the simultaneous assessment of all the variables, giving a weight (loading) to each of them, independent of their interactions. Linear discriminant analysis (LDA) was used to assess the relation between the classification groups and the micronutrients indicators as a whole, and the jackknife procedure as a resample technique to obtain a classification matrix, which allowed determination of the individuals correctly classified in the groups originally defined.
Differences were considered significant at P < 0.05. Data are presented as median and range for continuous variables and as frequency and percentage in categorical variables. Statistical analysis was performed using SYSTAT 11.0 software (SYSTAT, Inc, Evanston, IL).
RESULTS
Age in the 109 individuals studied (54 TCD, 19 ACD, 36 HC) ranged between 1.6 and 75.4 years (mean 23 AE 15.8 years). Distribution by age and sex was not different in the 3 studied groups ( Table 1) ; 26% of cases were younger than 12 years; nutritional status was not related to clinical presentations, low weight was not found in the ACD group and was present in 13% of TCD and 5% of HC (P ¼ 0.16); 26% of TCD, 42% of ACD, and 36% of HC were overweight/obese (P ¼ 0.35). As expected, in cases with CD younger than 18 years short stature was more frequent than in controls (16% in TCD, 50% in ACD, and 5% in HC; P ¼ 0.016). Of all of the patients, 69.9% declared that they adhered to a gluten-free diet, but 53.4% had positive EMA and/ or anti-tTG. Comparing symptoms reported at the time of diagnosis and those declared on present evaluations, 3 and 2 cases of ACD had developed abdominal pain and constipation, respectively, and 38.4% reported at least 1 symptom (Table 2) .
Analyzing the total group of patients with CD, indicators revealed deficient Fe nutritional status in 65.8% (32.9% low Hb, 43.8% low FS, 4.4% low serum Fe, and 45.8% increased FEP); Zn status (as measured by serum Zn concentration) was deficient in 20% and Cu status in 15% (6.8% low serum Cu and 10.9% low serum Cp). No significant differences were found among individuals with micronutrient deficiencies by age and/or sex, except for Cp deficiency, which was more frequent in boys older than 12 years (men 33.3% vs women 7.7%, P ¼ 0.02) and for Hb, which was more frequent in women older than 12 years (men 13.3% vs women 41%, P ¼ 0.045). Analyses both by clinical presentation and by serological status showed that deficient Fe nutritional status (low Hb and low SF) was significantly more frequent in patients with CD (and patients with active CD) as compared with controls, but differences were not significant when comparison was between typical and atypical forms of the disease ( Multivariate analysis included all of the indicators measured in the 3 groups assessed. PCA showed that 6 components explained 100% of the observed variability; the first component (highest loading value that explains the observed results) was formed by indicators of Fe nutritional status (Hb, SF, and Fe) and the second component (second highest loading value) by indicators of copper status (Cu and Cp), both explaining 58% of the variance. Using the matrix obtained with the 6 PCA components and defining clinical presentations as the classification variable, LDA revealed significant differences among the 3 study groups (TCD, ACD, and HC groups) (Wilks' lambda ¼ 0.6424; F ¼ 3.9211; df ¼ 12-190; P < 0.0001). Discriminant classification matrix by jackknife procedure yielded high values of correct classifications for TCD (73%) and HC (72%) but not for ACD (16%), which were mostly classified as TCD (79%). LDA was repeated using serological status as the classification variable, showing similar significant differences among groups with positive (active CD) and negative antibodies and HC group (Wilks' lambda ¼ 0.6136; F ¼ 4.3796 df ¼ 12-190; P < 0.0001). The classification matrix by jackknife procedure in this second analysis showed that correct classification was 62% for positive serology, 53% for negative serology, and 75% for HC (Table 4 ).
DISCUSSION
Results show that classical indicators of micronutrient status differentiate cases with CD from controls, but not patients with TCD from patients with atypical clinical presentations. Our findings show that micronutrient deficiencies are detectable in both clinical presentations, a clinically relevant result that indicates that patients with atypical presentations should receive the same supplementation management as patients with typical symptoms and that intestinal malabsorption should be sought actively and systematically in them.
Overweight and obesity have been reported in patients with CD by some authors in recent years (5, (24) (25) (26) (27) . That this diagnosis is reached earlier probably explains the low frequency of malnutrition/low weight. In the present study, the frequency of overweight/obesity in all of the groups is in the range described in the local general population (28). It is interesting that in patients with obesity, clinical manifestations were diverse, with presentations both typical and atypical. Other authors have reported similar findings, describing symptoms leading to diagnosis such as gastrointestinal symptoms, anemia, vitamin B 12 deficiency, or diagnosis derived from active screening because the patient had a positive case in the family (24, 25, 27) . Dickey and Kearney (26) assessed 371 patients with CD and found low weight in 5% of them and 39% with overweight/obesity. In our study, 9.6% of patients had low weight, 70% of these did not comply with the diet. Atypical presentations predominated among overweight/obese patients, but there was no statistical difference among the 3 groups (data not shown). It was unexpected that the frequency of mineral deficiencies was not different among patients with low weight (x 2 , P > 0.5, data not shown).
It is interesting that analysis by clinical presentation (typical/ atypical) and by serology (positive EMA/tTG found in 53.4% of study cases) yielded similar results; although the number of individuals when doing the latter analysis is smaller, these findings suggest that mineral deficiencies are present both in active and treated cases of TCD and ACD. This interpretation is supported by the multivariate analysis.
Assessments of minerals in patients with CD are few and refer mainly to individuals with classic presentations (29) (30) (31) . In the present study, the frequency of individuals with deficient Hb and SF values was significantly higher in both celiac groups when compared with controls (Table 3 , panel A) and the differences remained significant when comparisons were made by the groups' medians (Table 3, relevant to mention that the figures of low Hb and ferritin detected in our controls are similar to those published in apparently healthy local population of the same age and sex (32) (33) (34) (35) . Bergamaschi et al (36) assessed anemia prevalence in 132 patients with CD (whose clinical presentation was not mentioned in the article) and found low Hb in 34%, with higher prevalence in women (21% in men vs 41% in women, P ¼ 0.021). We found a similar frequency in 32.9% of the assessed patients with CD, which is 12 times more frequent than in controls; in the present study, there were significant differences by sex in patients older than 12 years (13.3% in men vs 41% in women, P ¼ 0.045). Anemia can result from intestinal malabsorption of several micronutrients necessary for normal hematopoiesis (37), including Cu (11) . Cu deficiency has been described in patients with TCD (15,29) and it is a known cause of anemia and thrombocytopenia (11, 13) . To what extent anemia was the result of malabsorption or inflammation in our patients cannot be clarified in the present study. Of the patients with CD, 6.8% had low serum Cu, independent of their clinical presentation, whereas all of the controls had normal values. Cu deficiency was independent of Hb and SF, a finding that is difficult to explain considering that Fe and Cu share transporters and a number of proteins in their metabolism and that Cu is needed for the formation of Hb molecules (38, 39) ; the low number of cases with Cu deficiency may explain at least part of this result. Chronic Cu deficiency without anemia is relevant because, being asymptomatic, it may remain undiagnosed and patients may develop neurological symptoms in the long term; this can be treated, but there is evidence that at least part of the damage is not reversible (12, 14, 40) . Zn status measured as serum Zn concentration revealed that cases had a higher frequency of deficient values than controls, but the differences did not reach statistical significance; significant differences in serum Zn concentration by serological status also were not found, a finding that is consistent with data recently published by Högberg et al (41) . One of the exclusion criteria in the present study was that participants should be free of known acute and chronic clinical infectious and inflammatory conditions; therefore, we expected that the values of serum Cu, Cp, and ferritin would reflect Cu and Fe status; however, in 23.3% of all of the patients CRP was above the cutoff (18.5% and 36.8% of TCD and ACD, respectively); we interpret this as a consequence of the inflammatory status present in some patients with CD. This idea was supported by the significantly higher frequency of CRP above the cutoff among patients with positive serology (x 2 , P < 0.05, data not shown). A relevant contribution of the present study derives from the multivariate analysis, which showed significant differences among groups compared by both clinical presentation and serological results; LDA differentiated between patients with CD and controls, but not between typical and atypical patients, confirming the results found by univariate analysis. On the contrary, the same analyses using serological status as the classification variable differentiated between patients with positive serology, patients with negative serology, and controls (P < 0.0001); yet, using serological status as the classification variable, the jackknife procedure yielded lower values than by clinical presentation. We do not have an explanation for the low number of patients who having negative serology were classified as HCs (4/30 cases).
In summary, the results show that mineral deficiency is present in both typical and atypical forms of CD, active search of mineral deficiency should be conducted in all of the cases, and the patients with atypical forms of CD should receive mineral supplements as part of their treatment, just as patients with typical presentations do. 
